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Description

Background

[0001] Breast cancer is the most frequent occurring
malignancy and the second most frequent cause of can-
cer death in women in developed countries. Yet, while
primary tumours are rarely fatal, metastases are respon-
sible for the majority of cancer-related deaths. There are
some parameters which serve as prognostic markers for
the development of metastases, but despite considera-
ble efforts, it is still not possible to predict accurately an
individual's risk. Therefore, adjuvant therapy is frequently
administered to patients who might have been cured by
surgery and anti-hormonal treatment alone. Current clas-
sification of breast cancer - including prognostic and pre-
dictive markers - is still mainly based on clinical and his-
topathological criteria, i.e. patient age, tumour size,
lymph node involvement, histological type of the tumour,
expression of oestrogen and progesterone receptors,
HER2/neu, and Ki-67 and tumour grade.

[0002] Yetriskstratification based on only clinical path-
ological parameters may be misleading. Especially in
early, HER2/neu-negative breast cancer (i.e. stages |,
lIA, 1IB, and IlIA), these clinicopathological factors are
not sufficient for clinical decision making particularly re-
garding adjuvant chemotherapy since substantial over-
or undertreatment may occur. Since 2007, international
guidelines have recommended to add further tests to the
established risk assessment.

[0003] The main goal of the research on breast cancer
is therefore the development of prognostic markers which
are assessed by quality assured certified tests, can be
routinely used, and whose costs are acceptable. These
markers should help to optimize cancer diagnosis, ori-
entate therapy choice, and support patient follow-up.
[0004] However, all currently available tests suffer
from certain drawbacks. In general, they are only validat-
ed for well-defined subgroups of patients, for example,
in node-negative patients with moderately differentiated
tumours. In addition, the tests are mostly performed in
central institutions, which require time for delivery of the
tumour samples to the central laboratory. In addition,
there is no local (quality) control over the processing of
the sample.

[0005] Based on this background, it is therefore the
objective of the present invention to provide a reliable
and simple method for subtyping breast cancer sample
and/or providing prognostic and/or predictive information
about breast cancer.

[0006] The objective is attained by the subject matter
of the independent claim.

Definitions
[0007] The terms stiffness, elasticity or contact stiff-

ness in the context of the present specification refers to
the resistance of a tissue sample or tissue to deformation
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by an applied force. The stiffness or elasticity is measured
as the elastic modulus of the tissue sample in Pascal
(Pa). A soft tissue sample is characterized by a low stiff-
ness value and a rigid tissue is characterized by an ele-
vated stiffness value.

[0008] Such deformation force may be applied to the
tissue sample or tissue by an intender or stylus (as part,
for example, of an atomic force microscope) thatimping-
es the tissue sample or tissue, wherein either the intender
or the tissue sample is moved in a vertical direction rel-
ative to each other. To measure a plurality of points on
a sample, the intender or the sample may be additionally
moved in a lateral direction, wherein a lateral direction in
the sense of the invention means a direction that is or-
thogonal to the vertical direction.

[0009] The intender or stylus may be a cantilever with
a sharp tip or an attached colloidal particle that acts as
a probe. A cantilever in the context of the present spec-
ification means a beam or arm that is anchored at only
one end. Deflections of the cantilever caused by repul-
sive or attractive forces between the sample surface and
the tip may be optically detected, for example by an inter-
ferometer or by a laser focused on the cantilever’s back,
and reflected onto a split photodiode, wherein the pho-
todiode registers the deflection of the cantilever as a volt-
age difference, which can be converted into nanometres.
Alternatively, the deflection of the cantilever may be de-
tected by a piezoelectric sensor, wherein the strain of the
cantilever is converted into an electrical charge. Also al-
ternatively, a self-sensing cantilever may be used such
as Piezo-Resistive Sensing Active (PRSA) probes, which
are for example, silicon cantilevers with an integrated
piezo-resistor bridge and a thermal heater. Advanta-
geously, with such cantilevers no laser adjustmentis nec-
essary.

[0010] Theterm areainthe contextofthe presentspec-
ification refers to an area that is defined by a grid of
(measurement) points, wherein each point corresponds
to indentation footprint of the stylus as described above
and each point is not more than 100 wm, preferably 50
pm, 20 pm, 10 wm or 1 wm away from its next point. By
way of non-limiting example, an area has a size of 25
wm2, 50 um2, 100 um2, 200 pm2, 300 pm2, 400 um?2,
500 wm2, 600 pm2, 750 um2, 1000 pm2, 5000 pm?2 or
10.000 um2 and the geometrical centre points of two ar-
eas are at least 100 pm, 200 pm, 300 um, 400 pwm, 500
pm or 1 mm apart.

[0011] Measured force and indentation depth for any
given sample depend on the cantilever spring constant
and tip radius.

[0012] The term spatial resolution in the context of the
present specification refers to the minimal distance be-
tween two points on a tissue or tissue sample by which
the two points can be discriminated regarding their stiff-
ness. A spatial resolution of at least 1mm, preferably 100
pm, 10 wm or 1 wm means that the maximal distance by
which two points still can be discriminated is 1mm, pref-
erably 100 um, 10 pwm or 1 um. A spatial resolution of at
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least 100 pwm, preferably 10 wm or 1 pum also encom-
passes higher resolutions. A resolution higher than 1 um
means two points having a distance smaller than 1 pum
still can be discriminated. Examples of resolutions higher
than 100 wm are 10 wm and 1 um. Examples of resolu-
tions higher than 1 pm are 0.5 pm, 0.1 pm and 10 nm.
[0013] The term tissue sample in the context of the
present specification refers to a tissue sample that com-
prises contiguous cells and extracellular matrix. Such tis-
sue sample may be obtained by a biopsy or resection.
[0014] The term resection specimen in the context of
the present specification refers to a sample representing
at least a part of an organ or the body that have been
removed from the organ or body. A resection specimen
may also comprise a whole organ or body part.

[0015] The term tissue biopsy sample in the context of
the present specification refers to a tissue sample that is
obtained by a biopsy and comprises contiguous cells and
extracellular matrix.

[0016] The term biopsy in the context of the present
specification refers to a method for removal of a tissue
part or a tissue for examination. Such biopsy may a nee-
dle aspiration biopsy, a punch biopsy, a vacuum-assisted
core biopsy, a core needle biopsy or a forceps biopsy.
The removal may be performed with the help of suitable
tools such as a hollow needle, a round sharp knife or a
scalpel. A tissue biopsy sample may additionally be ob-
tained by endoscopes or endoscopic methods.

[0017] The biopsy procedure may be guided by a suit-
able method such as ultrasound or CT (X-ray computed
tomography), wherein a tumour or a conspicuous lesion
can be detected or located.

[0018] The term normal tissue in the context of the
present specification refers to an ensemble of contiguous
cells and extracellular matrix with identically physiologi-
calfunction that are characterized by a normal, controlled
growth and normal cellular and extracellular function and
structure.

[0019] The term tumour in the context of the present
specification refers to a neoplasm or a lesion that is
formed by an abnormal growth of neoplastic cells. The
tumour can be benign, premalignant or malignant. The
classification of a tissue biopsy samples from a human
mammary carcinomais preferred. The term benign lesion
ortumour in the context of the present specification refers
to a tumour that lacks the ability to metastasize.

[0020] The term primary tumour in the context of the
present specification refers to a tumour originating from
the same tissue type as surrounding organ or tissue.
[0021] The terms metastasis, metastases or metasta-
sized tumour in the context of the present specification
refers to a tumour which has spread from the primary
tumour to distant sites such as adjacent tissue, adjacent
lymph nodes, axillary lymph nodes or different organs.
[0022] The terms malignancy or "a malignant tumour
in the context of the present specification refers to the
ability of a tumour to penetrate the basal membrane, in-
vade neighbouring tissues or spread through the body.
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A malignant tumour is synonymous with a malignant ne-
oplasm or cancer, in particular with invasive cancer.
[0023] The term border of the tumour in the context of
the present specification is defined as round, smooth,
well-defined (mostly in benign tumour) orirregular, poorly
defined (often the case in malignant tumours) border be-
tween a tumour and adjacent tissue. Histologically is de-
fined as the outermost part of the tumour where tumour
cells can be found.

[0024] The term adjacent tissue in the context of the
present specification is defined as part of the tissue or
organ other than tumour. Adjacent tissue is typically sur-
rounding the primary tumour but can be also considered
as any part of the tissue of organ without tumour pres-
ence.

[0025] The term adjacent lymph node or lymph node
adjacent to a primary tumour in the context of the present
specification particularly refers to lymph node that drains
a tumour. Such adjacent lymph nodes are also referred
as to sentinel lymph nodes.

[0026] The term axillary lymph node in the context of
the present specification refers to a lymph node that
drains lymph vessels from the lateral quadrants of the
breast, the superficial lymph vessels from the walls of
the chest and the abdomen above the level of the navel,
and the vessels from the upper limb. Axillary lymph nodes
are also referred to as armpit lymph nodes.

[0027] The term molecular subtype in the context of
the present specification refers to defined expression
profile or pattern of a breast cancer or mammary tumour,
or tumour cells thereof, wherein different subtypes are
distinguishable upon the expression profile or pattern of
a breast cancer or mammary tumour, or tumour cells
thereof.

[0028] The term luminal A subtype in the context of the
present specification refers to a tumour comprising can-
cer cells, wherein the cancer cells are positive for the
estrogen receptor, at least 20% of the cancer cells of the
tumour are positive for the progesterone receptor, and
less than 20% of the cancer cells are positive for the
protein Ki-67 (UniProt P46013).

[0029] The term luminal B subtype in the context of the
present specification refers to a tumour comprising can-
cer cells, wherein the cancer cells are positive for the
estrogen receptor, and etiher less than 20% of the cancer
cells of the tumour are positive for the progesterone re-
ceptor, or at least 20% of the cancer cells are positive
for the protein Ki-67 (UniProt P46013).

[0030] The term luminal like B (Her 2+) subtype in the
context of the present specification refers to a tumour
comprising cancer cells, wherein the cancer cells are
positive for the estrogen receptor and the Her2 receptor.
[0031] The term basal subtype in the context of the
present specification refers to a tumour comprising triple
negative cancer cells, wherein the cancer cells are neg-
ative for the estrogen receptor, the progesterone receptor
and the Her2 receptor.

[0032] The term stiffness distribution in the context of
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the present specification refers to a frequency of different
stiffness values determined from an individual tissue bi-
opsy sample. A determined stiffness distribution may ad-
ditionally be fitted to a Gaussian function. A unimodal
stiffness distribution is a distribution of discrete stiffness
values having a single maximum, which indicates a sam-
ple having a uniform stiffness. A bimodal distribution
function has two maxima. Such distribution may be
caused by a sample having two differently stiff parts, for
example a soft tumour core and a stiff periphery. A ftri-
modal stiffness distribution in the sense of the invention
means a distribution characterized by three local maxi-
ma. A trimodal distribution may indicate that normal tis-
sue, a border region characterized by hard stroma and
a soft tumour core have contributed to the values making
up the distribution. A sample at least bimodal stiffness
distribution has a bimodal, trimodal or n-modal (with n
being an integer >1) distribution function.

[0033] The term heterogeneous stiffness distribution
in the context of the present specification refers to an n-
modal distribution function (with n being an integer >1).
[0034] A plurality of stiffness values in the context of
the present specification refers to at least 50, 100, 200,
300, 400, 500 900, 1000, 1600, 2500, 3600, 4900, 6400,
8100, 10000, or 21000 stiffness values.

[0035] A prognostic marker provides a risk of cancer
incidence and/or recurrence or in other words gives an
indication of likelihood of disease progression.

[0036] A predictive marker provides an indication of
patient response to specific treatment.

[0037] The term peak in the context of the present
specification refers to a local maximum in the stiffness
value distribution and signifies the stiffness value with
the highest frequency within a sample, or within the im-
mediate neighboring values.

[0038] In the context of the present specification, the
term frequency maximum when used with respect to a
stiffness value distribution refers to a local or absolute
maximum of the graph plotting the frequency of stiffness
values over the stiffness values a stiffness value, wherein
the frequency maximum is characterized by a frequency
value and a stiffness value.

[0039] Theterm physiological conditions in the context
of the present specification refers to conditions neces-
sary to preserve the structural integrity and mechanical
properties of the biopsy tissue sample, maintaining via-
bility of the tissue by any chemicals or physical agents
and include in particular that after collection the sample
is stored in a physiological buffer such as phosphate buff-
ered saline, Ringer solution, or transplantation buffer
such as Custodiol and stiffness determination is per-
formed at 20, 25, 30 or 37°C. The Ringer solution may
further be supplemented with glucose and a protease
cocktail. Further, stiffness determination of the biopsy
tissue sample may be performed within 1 h, 2 h, 6 h, 12
h, 24 h, 48 h or 72 h after collection without changing the
mechanical properties of the sample. "Physiological con-
ditions" particularly do not comprise frozen tissue or
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thawed tissue, or paraffin-embedded samples.
Description

[0040] The presentinventionisbased on the surprising
finding that breast cancer tissue samples can be classi-
fied into breast cancer subtypes upon their nanomechan-
ical properties.

[0041] According to a first aspect of the invention, a
method for classifying a tissue sample obtained from a
mammary tumour is provided. The method comprises
determining a stiffness value for each of a plurality of
points on the tissue sample, resulting in a stiffness dis-
tribution, resulting in a stiffness distribution, and assign-
ing the sample to a breast cancer molecular subtype
based on the determined stiffness distribution.

[0042] Advantageously, the method of the invention is
more precise, reliable and faster that the presently used
state-of-the-art methods such as gene expression profil-
ing or immunohistochemical methods.

[0043] In certain embodiments, a high probability of
being a luminal A subtype non-metastasized breast can-
cer or a luminal B subtype non-metastasized breast can-
ceris assigned to a sample exhibiting only one frequency
maximum between 0.4 kPa and 0.7 kPa in the region
below 1 kPa and frequencies in the region between 1.0
kPa and 1.5 kPa, wherein the frequencies are above a
threshold, and wherein the threshold equates to the half-
maximal frequency of the one frequency maximum be-
tween 0.4 kPa and 0.7 kPa (e.g. if the frequency of the
frequency maximum between 0.4 kPa to 0.7 kPa ist 100,
the frequencies in the region between 1.0 kPa and 1.5
kPa are above 50).

[0044] Particularly, a non-metastasized luminal A or
luminal B subtype indicates a good prognosis for treat-
ment, a good response to the administered treatment
and no administration of a chemotherapy.

[0045] In certain embodiments, a high probability of
being a luminal A subtype metastasized breast cancer
is assigned to a sample exhibiting two frequency maxi-
mum below 1 kPa and a frequency maximum above 2
kPa. In certain embodiments, a high probability of being
a luminal A subtype metastasized breast cancer is as-
signed to a sample exhibiting two frequency maxima be-
tween 0.3 kPa and 0.9 kPa and a frequency maximum
above 2 kPa. In certain embodiments, a high probability
of being a luminal A subtype metastasized breast cancer
is assigned to a sample exhibiting two frequency maxi-
mum below 1 kPa and one frequency maximum between
2.0 kPa and 2.5 kPa. In certain embodiments, a high
probability of being a luminal A subtype metastasized
breast cancer is assigned to a sample exhibiting two fre-
quency maxima between 0.3 kPa and 0.9 kPa and a fre-
quency maximum between 2.0 kPa and 2.5 kPa. In cer-
tain embodiments, a high probability of being a luminal
A subtype metastasized breast cancer is assigned to a
sample exhibiting frequency maxima at 0.375 kPa and
0.875 kPa and a frequency maximum above 2 kPa. In
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certain embodiments, a high probability of being a luminal
A subtype metastasized breast cancer is assigned to a
sample exhibiting frequency maxima at 0.375 kPa and
0.875 kPa and a frequency maximum between 2.0 kPa
and 2.5 kPa. In certain embodiments, a high probability
of being a luminal A subtype metastasized breast cancer
is assigned to a sample exhibiting frequency maxima at
0.375 kPa and 0.875 kPa and a frequency maximum at
2.075 kPa. In certain embodiments, a high probability of
being a luminal A subtype metastasized breast cancer
is assigned to a sample exhibiting two frequency maxi-
mum below 1 kPaand afrequency at2.075kPa. Incertain
embodiments, a high probability of being a luminal A sub-
type metastasized breast cancer is assigned to a sample
exhibiting two frequency maxima between 0.3 kPa and
0.9 kPa and a frequency at 2.075 kPa. Particularly, such
tissue sample as described above signifies a tumour that
has very likely spread to adjacent lymph nodes or axillary
lymph nodes.

[0046] Particularly, a metastasized luminal A subtype
indicates mediocre to poor prognosis and the adminis-
tration of a chemotherapy, particularly the administration
of compounds that modulates the effect of estrogen such
as tamoxifen (CAS-No 10540-29-1), an antagonist of the
estrogen receptor, or an aromatase inhibitor such as
letrozole (CAS-No. 112809-51-5).

[0047] In certain embodiments, a high probability of
being a luminal B subtype metastasized breast cancer
is assigned to a sample exhibiting a frequency maximum
below 0.25 kPa. In certain embodiments, a high proba-
bility of being a luminal B subtype metastasized breast
cancer is assigned to a sample exhibiting one frequency
maximum between 0.1 kPa and 0.25 kPa, particularly at
0.2 kPa. In certain embodiments, a high probability of
being a luminal B subtype metastasized breast cancer
is assigned to a sample exhibiting one frequency maxi-
mum below 0.25 kPa, particularly between 0.1 kPa and
0.25 kPa, more particular at 0.2 kPa, and a frequency
maximum between 1.4 kPa and 1.6 kPa. Particularly,
such tissue sample as described above signifies a tu-
mour that has very likely spread to adjacent lymph nodes
or axillary lymph nodes.

[0048] Particularly, a metastasized luminal B subtype
tumour indicates a poor prognosis and the administration
of chemotherapy,

[0049] In certain embodiments, a high probability of
being a luminal B like Her2+ subtype metastasized breast
cancer is assigned to a sample exhibiting a frequency
maximum between 0.25 kPaand 0.4 kPa and afrequency
maximum between 1.7 kPa and 2.0 kPa. In certain em-
bodiments, a high probability of being a luminal B like
Her2+ subtype metastasized breast cancer is assigned
to a sample exhibiting a frequency maximum at 0.3 kPa
and afrequency maximum between 1.7 kPaand 2.0 kPa.
Particularly, such tissue sample as described above sig-
nifies a tumour that has very likely spread to adjacent
lymph nodes or axillary lymph nodes.

[0050] Particularly, a metastasized luminal B like
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Her2+ subtype indicates a poor prognosis and the ad-
ministration of a chemotherapy, particularly the adminis-
tration of compounds such as trastuzumab (also known
as Herceptin; CAS-No. 180288-69-1).

[0051] In certain embodiments, a high probability of
being a basal subtype non-metastasized breast cancer
is assigned to a sample exhibiting only one frequency
maxima between 0.5 kPa and 0.7 kPa in the region below
1kPa and frequencies in the region between 1.0 kPa and
1.5 kPa, wherein the frequencies are below a threshold,
and wherein the threshold equates to the half-maximal
frequency of said one frequency maximum between 0.5
kPa and 0.7 kPa (e.g. if the frequency of the frequency
maximum between 0.5 kPa and 0.7 kPa ist 100 the fre-
quencies in the region between 1.0 kPa and 1.5 kPa are
below 50).

[0052] Particularly, a non-metastasized basal subtype
indicates a poor prognosis.

[0053] In certain embodiments, a high probability of
being a basal subtype metastasized breast cancer is as-
signed to a sample exhibiting two frequency maxima be-
low 1 kPa and thatis further characterized by the absence
of further frequency maxima above 1.3 kPa. In certain
embodiments, a high probability of being a basal subtype
metastasized breast cancer is assigned to a sample ex-
hibiting two frequency maxima between 0.2 kPa and 1.
0 kPa and that is further characterized by the absence
of further frequency maxima above 1.3 kPa. In certain
embodiments, a high probability of being a basal subtype
metastasized breast cancer is assigned to a sample ex-
hibiting two frequency maxima at 0.3 kPa and 0.9 kPa
and that is further characterized by the absence of further
frequency maximums above 1.3 kPa. Particularly, such
tissue sample as described above signifies a tumour that
has very likely spread to adjacent lymph nodes or axillary
lymph nodes.

[0054] Particularly, a metastasized basal subtype in-
dicates a very poor prognosis.

[0055] In certain embodiments, the tissue sample is a
tissue biopsy sample or a resection specimen.

[0056] In certain embodiments, a high probability of
being a luminal B subtype metastasized breast cancer
is assigned to a sample exhibiting two frequency maxima
below 1 kPa and a frequency maximum between 1.4 kPa
and 2.0 kPa. Particularly, such tissue sample as de-
scribed above signifies a tumour that has very likely
spread to the vascular system.

[0057] In certain embodiments, the pluralities of points
are determined with a spatial resolution of at least 100
pm, 50 pm, 20 pm, 10 pmor 1 pm.

[0058] Incertainembodiments, the tissue sample com-
prises at least a part of the core of the mammary tumour
and at least a part of the periphery of the mammary tu-
mour.

[0059] In certain embodiments, the tissue sample rep-
resents at least one half of the cross-section of the mam-
mary tumour and exhibiting a distinct orientation from
core to periphery of the mammary tumour.
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[0060] In certain embodiments, the tissue biopsy sam-
ple is a cylindrical or prismatic biopsy.

[0061] In certain embodiments, the plurality of points
is arranged within an area or a line.

[0062] In certain embodiments, the plurality of points
is arranged as a grid of ny by n, points, the grid defining
an area, wherein n; and n, are independently from each
other integers >1.

[0063] In certain embodiments, the plurality of points
is irregularly arranged within the grid or within the area.
[0064] In certain embodiments, the plurality of points
is determined along a line on the surface of the tissue
sample, wherein particularly the line is parallel to the lon-
gitudinal axis of the tissue sample, particularly of the tis-
sue biopsy sample, and wherein particularly the points
of the plurality are homogeneously or evenly distributed
along the line. In certain embodiments, the line extends
over at least one quarter, one half or three quarters of
longitudinal axis of the tissue sample. In certain embod-
iments, the line extends over the whole longitudinal axis
of the tissue sample. In certain embodiments, the line is
a straight line or a sinuous or serpentine line. In certain
embodiments, the line has a width of at least two points,
particularly 2 to 10 points. In certain embodiments, sev-
eral lines of indentation curves are measured across the
whole sample (5 mm to 15 mm), measuring 5000 to
20’0000 force curves at a spacing ranging from 0.25 pm
to 6 pm.

[0065] In certain embodiments, a grid of 5 by 5 points
(resulting in 25 points), 7 by 7 points, 10 by 10 points, 15
by 15 points, 20 by 20 points, 50 by 50 points or 100 by
100 points are measured for one area. In certain embod-
iments, the area is defined of a grid of 24x24 points with
a size of 400 pm2,

[0066] In certain embodiments, the stiffness values of
at least two different areas of the same sample are de-
termined, and the distance between the geometrical cen-
tres of the areas is 100pm to 1 cm. In certain embodi-
ments, the distance between the geometrical centres of
the areas is 1 mm to 5 mm. In some embodiments, the
distance between the geometrical centres of the areas
is 5 mm to 10 mm. In some embodiments, the distance
between the geometrical centres of the areas is 10 mm
to 100 mm. In some embodiments, the distance between
the geometrical centres of the areas is 100 mm to 500
mm. In certain embodiments, the stiffness values of at
least two different areas of the same sample are deter-
mined, and the distance between the geometrical centres
of the areas is 100pm to 1 mm.

[0067] In certain embodiments, the stiffness values of
at least two different areas of the same sample are de-
termined, and the distance between the geometrical cen-
tres of the areas is a multiple of the spatial resolution,
said multiple being at least 10 times the spatial resolution.
In certain embodiments, the multiple is 20, 30 or 50.
[0068] In certain embodiments, the areas of the tissue
sample are positioned on the surface of the sample along
the sample’s longitudinal axis over a distance of 1 mm,
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2mm,3 mm,4 mm, 5 mm, 6 mm, 7 mm, 8 mm, 9 mm,
10 mm, 15 mm or 20 mm.

[0069] In certain embodiments, the plurality of points
comprises stiffness value in the range of 50 to 21000. In
certain embodiments, the plurality of points comprises
stiffness value in the range of 100 to 21000. In certain
embodiments, the plurality of points comprises stiffness
values in the range of 400 to 21000. In certain embodi-
ments, the plurality of points comprises stiffness values
in the range of 900 to 10000. In certain embodiments,
the plurality of points comprises stiffness values in the
range 1000 to 8100. In certain embodiments, the plurality
of points comprises stiffness values in the range 1600 to
6400. In certain embodiments, the plurality of points com-
prises stiffness values in the range 2500 to 4900. In cer-
tain embodiments, the plurality of points comprises stiff-
ness values in the range 3600 to 4900. In certain em-
bodiments, the plurality of points comprises 50, 100, 400,
900, 1000, 1600, 2500, 3600, 4900, 6400, 8100, 10000
or 21000 stiffness values.

[0070] In certain embodiments, the tissue biopsy sam-
ple is a cylindrical or prismatic biopsy with a diameter of
at least 7 um. In certain embodiments, the biopsy tissue
sample is a cylindrical or prismatic biopsy with a diameter
of at least 0.5 mm.

[0071] Incertainembodiments, the stiffness values are
determined under physiological conditions.

[0072] In certain embodiments, the plurality of points
is recorded within 6 minutes to 6 hours.

[0073] In certain embodiments, the plurality of points
is recorded at a range of rates from 1000 loading cycles
per second to 0.1 loading cycles per second. In certain
embodiments, the plurality of points is recorded at a
range of rates from 1000 loading cycles per second to
100 loading cycles per second. In certain embodiments,
the plurality of points is recorded at a range of rates from
100 loading cycles per second to 10 loading cycles per
second. In certain embodiments, the plurality of points is
recorded at a range of rates from 10 loading cycles per
second to 0.1 loading cycles per second.

[0074] In certain embodiments, the plurality of points
is recorded with maximum loads ranging from 200 pN to
3mN, particularly from 0.2 nN to 20 nN.

[0075] In certain embodiments, the plurality of points
is recorded using an indenter or intenders ranging in stiff-
ness from 2 mN/m to 20 N/m. In certain embodiments,
the plurality of points is recorded using an indenter or
intenders ranging in stiffness from 2 mN/m to 200 mN/m.
In certain embodiments, the plurality of points is recorded
using an indenter or intenders ranging in stiffness from
200 mN/m to 2 N/m.

[0076] According to another aspect of the invention, a
system for classifying a tissue sample obtained from
mammary carcinoma is provided. The system comprises

- a device, particularly an atomic force microscope,
for determining stiffness values with a resolving pow-
er of at least 1 um (1um or less) in terms of spatial
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resolution and/or of at least 1 kPa (1 kPa or less) in
terms of stiffness values and corresponding hard-
ness values,

- aprogrammed integrated circuit,

wherein the programmed integrated circuit is equipped
and designated to run the method of the invention.
[0077] In certain embodiments, the programmed inte-
grated circuit is comprised within or is a programmed
microprocessor that is equipped and designated to run
the method of the invention.

[0078] According to a further aspect of the invention,
a method for treating breast cancer is provided, wherein
the method comprises,

- providing a tissue sample from a mammary tumour
of a subject,

- assigning the tissue sample to a breast cancer sub-
type by the method of the invention,

- administering a treatment to the subject based on
the determined subtype.

[0079] Wherever alternatives for single separable fea-
tures are laid out herein as "embodiments", it is to be
understood that such alternatives may be combined free-
ly to form discrete embodiments of the invention dis-
closed herein.

[0080] The invention is further illustrated by the follow-
ing examples and figures, from which further embodi-
ments and advantages can be drawn. These examples
are meant to illustrate the invention but not to limit its
scope.

Short description of the figures

[0081]
Fig. 1 shows normalized histograms representing
the nanomechanical profile of mammary tu-
mours (biopsy samples) of Basal NO (n = 1)
and N+ (n = 2) patients. NO patients show a
very distinct cancer peak at 0.625 kPa where-
as N+ patients peak at 0.525 kPa but with a
much broader stiffness distribution. In addi-
tion, NO patients have stiffer components than
N+ patients. NO stands for pNO in TNM-grad-
ing, meaning that the primary tumour has not
progressed to involve regional lymph nodes.
N+ stands for pN1 or higher in TNM-grading,
meaning that the primary tumour has pro-
gressed to involve regional lymph nodes.
Fig. 2 shows normalized histograms (same area)
representing the nanomechanical profile of
mammary tumours (biopsy samples) of Lumi-
nal A NO (n = 5) and Luminal A N+ (n = 3).
LumA N+ patients show a more heterogene-
ous stiffness distribution than Lum NO pa-
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Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8
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tients. LumA NO patients show prominent
peaks 0.575 kPa and 1.425 kPa where N+ pa-
tients lack these peaks. In contrast, N+ pa-
tients show strong signals at 0.375 kPa, 0.875
kPa and 2.075 kPa which are not dominant in
NO patients. In the cancer region below 1 kPa,
LumA NO is more homogeneous (1 peak at
0.575kPa) than LumA N+ (2 peaks, 0.375 kPa
and 0.875 kPa).

shows normalized histograms (same area)
representing the nanomechanical profile of
mammary tumours (biopsy samples) of LumB
NO (n = 5) and LumB N+ (n = 7). LumB NO
show a more heterogeneous stiffness distri-
bution than N+ patients, there is a higher con-
tribution in the stiff part above 2 kPa. The soft
part of LumB N+ is significantly softer than the
soft part of LumB NO.

shows normalized histograms representing
the nanomechanical profile of mammary tu-
mours (biopsy samples) of NO: Luminal A
(n=5), Luminal B (n=5) and Basal (n=1) pa-
tients.

shows normalized histograms representing
the nanomechanical profile of the primary tu-
mours (biopsy samples) of NO LumA (n = 5)
and LumB (n =5) patients. The two histograms
are very similar, in both cases the cancer area
peaks at 0.575 kPa but the peaks are not very
distinct, the distribution is very broad.

shows normalized histograms representing
the nanomechanical profile of mammary tu-
mours (biopsy samples) of N+: Basal (n=2),
Luminal A (n=3) and Luminal B (n=7) patients.

shows normalized histograms representing
the nanomechanical profile of the mammary
tumours (biopsy samples) of N+ LumA (n=3)
and LumB (n=7) patients. Within N+ patients,
LumA patients show a more heterogeneous
distribution than LumB patients. The cancer
area in LumB patients is much softer than in
LumA patients, with a broad peak around 0.2
kPa, whereas the LumA part is bimodal with
peaks at 0.375 kPa and 0.875 kPa.

shows normalized histograms representing
the nanomechanical profile of the mammary
tumours (biopsy samples) of N+: Luminal B (n
=7) and Her2+ Luminal B-like (n = 2) patients.
Generally, the distribution below 2 kPa is stiff-
er in LumB-like patients then in LumB (Her2-)
patients. The cancer area in LumB (Her2-)
peaks at 0.2 kPa, in the case of LumB-like
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(Her2+) it peaks slightly stiffer around 0.3 kPa.
Fig. 9 shows normalized histograms representing
the nanomechanical profile of invaded or can-
cer positive (N+) lymph nodes (biopsy sam-
ples). Cancer cell positive (N+) lymph nodes
have a strong, soft peak around 0.4 kPa.
Fig. 10  shows normalized histograms representing
the nanomechanical profile of the mammary
tumours (biopsy samples) of LumB NO; VO (n
=3) vs V1 (n = 1) patient. V1: Diagnostic fea-
tures show invasion into vascular system, but
no signs of distant metastasis present (at time
of operation). The V1 sample shows a distinct
additional soft peak around 0.3 kPa.
Fig. 11 shows an overview of the characteristic of cer-
tain breast cancer molecular subtypes.

Examples:

[0082] The ARTIDIS technology ("Automated and Re-
liable Tissue Diagnostics"; US 8,756,711 B2, US
2014338073 A1, WO 2014090971 A1, WO 2015001119
A1, WO 2015018865 A1 incorporated herein by refer-
ence) was optimized for analysis and subtyping of un-
fixed (measured in physiological aqueous environment
or frozen tissue) human breast cancer samples obtained
by tumour resections or biopsies. Lasting ~2 hours, an
ARTIDIS assay uses a -10 nm-sharp stylus or tip that
makes ~10’000 miniscule indentations across a biopsy
surface.

[0083] For this purpose, tissue samples from mamma-
ry carcinoma of various subtypes and stages were col-
lected by biopsy or by resection from 26 patients. Typi-
cally, the collected biopsy samples had a cylindrical
shape of 0.5 cm to 1.5 cm length and 1 mm to 2 mm in
diameter. 10 to 20 maps are measured equidistantly on
the sample, giving rise to spacing’s ranging from 250 pum
to 1500 wm. The size of the map ranges from 20x20 pm
to 40x40 pm and contains usually 1024 measure points.
Hence, 10x1024 to 20x1024 measurements are taken
on a specimen.

[0084] Resections were usually 5 x 5 mm wide and
long and with 4 x 4 maps givingrise to a spacing of 1 mm
on average.

[0085] Nanomechanical measurements of the sam-
ples were performed as disclosed in US 8,756,711 B2.
Briefly, each sample was examined in a systematic man-
ner by homogeneously distributing FV maps over the
whole sample surface to account for possible heteroge-
neities. A regular distance of approximately 500 um was
kept between the scan using either micrometer screws
or automated positioning systems. This resulted in rough-
ly 10 to 15 FV maps per specimen depending on the total
biopsy size.

[0086] For the analysis of the samples by AFM, biop-
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sies were glued onto a culture dish using 2-component
5-minute fast drying epoxy glue. After a pre-drying step
of 2 minutes (to avoid mixing of the epoxy and the spec-
imen buffer), the specimen was laid flat onto the glue in
order to optimize the indentation angle and to avoid in-
fluence from external components (e.g. the cantilever
holder). Pipette tips acting as "ramps" were placed di-
rectly under uneven segments of each specimen to main-
tain height consistency. The use of excessive force (e.g.
tearing or stretching) was minimized at all times during
specimen handling. All preparative steps were performed
in either a sterile buffer environment supplemented with
protease inhibitors or transplantation buffer to prevent
contamination and to ensuring that the specimen re-
mained in a close-to-in-vivo state. The mounted speci-
mens were kept in ice-cold Ringer’s solution or Custodiol
until nanomechanical testing, which was performed at
room temperature or at 37°C.

[0087] For sharp pyramidal tips (205-pum-long silicon
nitride cantilevers, nominal cantilever spring constant k
= 0.06 N m!, resonance frequency [air]=18 kHz), the
exact spring constant k of the cantilever was determined
prior to every experiment with the thermal tune method
while the deflection sensitivity was determined in fluid
using solid glass substrates as an infinitely stiff reference
material.

[0088] Contactstiffness (elastic modulus, E) measure-
ments of biopsies were derived as follows; load-displace-
ment curves, also designated as force indentation
curves, were recorded at a given site in an oriented man-
ner during both loading and unloading. A regular distance
of approximately 500 wm was kept between the scan
regions using either micrometer screws or automated po-
sitioning systems. An individual set of data consisted of
1,024 load-displacement curves, at an indentation speed
of 16 wm/s. This resulted in roughly 15 to 20 force volume
maps per sample. When possible, force- volume maps
(FV) were made over a 32x32 point grid with a scan size
of 20x20m at a rate of approx. 1 load and unload cycles
per second. Each load-displacement curve consisted of
at least 512 data points whereas the Z length was set to
5pm to 8 um depending on the properties of the analyzed
region. Each FV map was set to 20 x 20 pmZ in order to
(i) optimize experimental time as well as (ii) to provide a
sufficiently large area incorporating all components with-
in the tissue (e.g., cells and extracellular matrix). The
maximum applied loading force was set to 1.8 nN and
an indentation depth of approximately 150 to 3000 nm.
Additional 72 x 72 FV maps (5184 force-displacement
curves permap and a pixel size of 277 nm) were obtained
to increase the spatial resolution over key areas of inter-
est.

[0089] Force indentation curves were analyzed using
a method described previously (Loparic, et al., Biophys-
ical Journal,. 98(11): p. 2731-40, 2010, Plodinec, et al.,
Journal of Structural Biology,. 174(3): p. 476-484,2011).
Briefly, software was developed in LabVIEW (National
Instrument, US) for the automated analysis of the FV
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data. The contact point was determined. Force curves
were obtained transforming from piezo displacement to
tip-sample distance, which accounts for the bending of
the cantilever and by multiplying cantilever deflection d
with the spring constant k to obtain the load F. Unloading
force curves were analyzed by performing a linear fit to
the upper 50% of the force curve, which defines the stiff-
ness between the maximum load F = 1.8 nN and a load
of 0.9 nN. Extraneous effects on the force curve such as
adhesion could be avoided by this procedure. The Pois-
son ratio was set to 0.5. The Young’s modulus was de-
termined according to the Oliver and Pharr method (OI-
iver et al., Journal of Materials Research, 7(6),
1564-1583, 1992). The stiffness values were spatially
plotted, analyzed and displayed in ARTIDIS OFFLINE
SOFTWARE.

[0090] Typically, 10,000 to 20,000 force curves were
measured per sample, which were distributed in force
maps of 1000 force curves homogeneously across the
whole sample.

[0091] The data presented herein demonstrate appli-
cability of nanomechanical profiling using ARTIDIS in
clinics for:

1) Prognosis of cancer progression and recurrence
2) Prediction of the treatment response

3) Deciding on the appropriate treatment and follow
up regimen based on the nanomechanical profile of
the mammary tumour.

[0092] The nanomechanical profiling method of the in-
ventionisideally suited for use in daily practice as itallows
fast, on-site assessment of specimen and does not suffer
from inter-observer variability as for example other mark-
ers, such as Ki-67.

Claims

1. A method for classifying a tissue sample obtained
from a mammary tumour, said method comprising

- determining a stiffness value for each of a plu-
rality of points on said tissue sample, resulting
in a stiffness distribution, and

- assigning said sample to a breast cancer mo-
lecular subtype based on said stiffness distribu-
tion.

2. The method according to claims 1, wherein

- a high probability of being a luminal A subtype
non-metastasized breast cancer or a luminal B
subtype non-metastasized breast cancer is as-
signed to a sample exhibiting only one frequency
maximum between 0.4 kPa and 0.7 kPa in the
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region below 1 kPa and frequencies inthe region
between 1.0 kPa and 1.5 kPa, wherein said fre-
quencies are above a threshold, and wherein
said threshold equates to the half-maximal fre-
quency of said one frequency maximum be-
tween 0.4 kPa and 0.7 kPa ,

- a high probability of being a luminal A subtype
metastasized breast cancer is assigned to a
sample exhibiting two frequency maxima below
1 kPa and a frequency maximum above 2 kPa,
- a high probability of being a luminal B subtype
metastasized breast cancer is assigned to a
sample exhibiting a frequency maximum below
0.25 kPa,

- a high probability of being a luminal B like sub-
type metastasized breast cancer is assigned to
a sample exhibiting a frequency maximum be-
tween 0.25 kPa and 0.4 kPa and a frequency
maximum between 1.7 kPa and 2.0 kPa,

- a high probability of being a basal subtype non-
metastasized breast cancer is assigned to a
sample exhibiting only one frequency maxima
between 0.5 kPa and 0.7 kPa in the region below
1 kPa and frequencies in the region between 1.0
kPa and 1.5 kPa, wherein said frequencies are
below a threshold, and wherein said threshold
equates to the half-maximal frequency of said
one frequency maximum between 0.5 kPa and
0.7 kPa.

- a high probability of being a basal subtype me-
tastasized breast canceris assignedto asample
exhibiting two frequency maxima below 1 kPa
and that is further characterized by the ab-
sence of further frequency maxima above 1.3
kPa,

- a high probability of being a luminal B subtype
metastasized breast cancer is assigned to a
sample exhibiting two frequency maxima below
1 kPa and a frequency maximum between 1.4
kPa and 2.0 kPa .

The method according to claim 1 or 2, wherein a high
probability of being a luminal A subtype metasta-
sized breast cancer is assigned to a sample exhib-
iting frequency maxima between 0.3 kPa and 0.9
kPa and/or a frequency maximum between 2.0 kPa
and 2.5 kPa.

The method according to any one of the previous
claims, wherein a high probability of being a luminal
A subtype metastasized breast cancer is assigned
to a sample exhibiting frequency maxima at 0.375
kPa, 0.875 kPa and 2.075 kPa.

The method according to any one of the previous
claims, wherein a high probability of being a luminal
B like Her2+ subtype metastasized breast cancer is
assigned to a sample exhibiting a frequency maxi-
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mum at 0.3 kPa and a frequency maximum between
1.7 kPa and 2.0 kPa.

The method according to any one of the previous
claims, wherein said pluralities of points are deter-
mined with a spatial resolution of at least 100 pm.

The method according to any one of the previous
claims, wherein said tissue sample is a tissue biopsy
sample or a resection specimen.

The method according to any one of the previous
claims, wherein said plurality of points is arranged
with an area or a line.

The method according to any one of the previous
claims, whereby said stiffness values of at least two
different areas of said same sample are determined,
and the distance between the geometrical centres
of said areas is in the range of 100 pum to 1 mm.

The method according to any one of claims 1 to 8,
wherein said line extends along the longitudinal axis
of said tissue sample.

The method according to any one of the preceding
claims, wherein said plurality of points comprises
stiffness values in the range of 50 to 210000.

The method according to any one of the preceding
claims, wherein said plurality of points is recorded
within 6 minutes to 6 hours.

The method according to any one of the preceding
claims, wherein said plurality of points is recorded
at arange of rates from 1000 loading cycles per sec-
ond to 0.1 loading cycles per second.

The method according to any one of the preceding
claims, wherein said plurality of points is recorded
with maximum loads ranging from 200 pN to 3mN.

A system for classifying a tissue sample obtained
from mammary carcinoma, comprising

- a device, particularly an atomic force micro-
scope, for determining stiffness values with a
resolving power of at least 1 um,

- a programmed integrated circuit,

wherein

said programmed integrated circuit is equipped
and designated to run a method according one
of the claims 1 to 14.
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